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Abstract 
In this paper, performance assessment of two solar air systems is 
conducted through energy and exergy analysis. One is an unglazed selective 
absorber (C1) and the second is a single one solar air with the polymethyl 
methacrylate as cover (C2). The mean hourly values of solar irradiation and 
ambient temperature of Garoua region in Cameroon are used. The influence 
of the solar air heater duct depth and the number of transfer units on the 
exergy output is discussed. The main results we can draw are that at 12:30, 
the exergy output rate (Exu) of the first collector is almost five times the one 
of the second collector. The highest dimensionless exergy loss occurred in 
the collector with plastic cover while the lowest through unglazed collector. 
It has been also observed that for NTU (Number of Transfer Units) higher 
than 1.8, the exergy output rate increases weakly and becomes constant for 
NTU greater than 2.5.    
 
Keywords: Unglazed selective absorber, plexiglas, energy analysis, exergy 
analysis, exergy loss 
 
Introduction 
The challenge of the people living in this world is to face a problem 
of energy in various forms. Today this energy seems to become a basic need 
for the world population. However, the kind of energy to be used is 
important. In fact, the fossil fuel energy is responsible for the climate change 
and must be avoided. One of the alternative ways to reduce the use of the 
fossil fuel is by to use of the solar air heater for some applications. These 
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applications are essentially related to the supply of hot air to school 
buildings, agricultural and industrial drying (Wenfeng et al. 2007). Its 
advantages are low cost and no high pressure problems (Wazed et al. 2010). 
However, before using this system, thermal performance need to be 
improved. This performance depends on the material, type of the absorber, 
shape, dimension and layout of the collectors (Akpinar et al. 2010). It is 
reported in literature that heat transfer rate can be enhanced by increasing the 
surface area by using corrugated surfaces (Wenfeng et al. 2007, Liu et al. 
2007) or extended surfaces called fins (Ho et al. 2002, Naphon 2005). 
Another method is to increase convective heat transfer coefficient by 
creating turbulence at the heat transfer surface  
 
Nomenclature. 
Ac:         area element ( m
2
) 
Cp:       specific heat (J/kg.K) 
dh:      equivalent diameter of air channel 
Ex :      exergy (w) 
Exu:      exergy output rate ignoring pressure drop (w) 
      EXu,p:    exergy output rate considering pressure drop (w) 
xdestE

   rate of irreversibility (w) 
F
‘
:        collector efficiency factor 
f:           friction factor 
G:          mass flow rate per unit area (kg/m
2
.s) 
h:          heat transfer coefficient(W/ m
2 K ) 
H or ef  solar heater duct depth (m) 
IT:         radiation intensity (w/m
2
) 
k:          thermal conductivity (W/mK) 
m :         mass flow rate (kg/h) 
Nu:       Nusselt number 
NTU:    Number of transfer units 
P:           pressure (N/m
2
) 
Pr:        Prandtl number 
Re:       Reynolds number 
s :          entropy (J/kg .k) 
S:          incident solar radiation (w/m
2
) 
T:         temperature (K) 
t:          time (h) 
U:        loss coefficient (W/ m
2 K ) 
V:        wind speed (m/s) 
SAH:    Solar air heaters 
 
Wp:    pump work (w) 
 
x,y:    space coordinate 
Greek letters 
:       solar absorbance 
δ :      thickness (m) 
ε :       emissivity 
ζ :       Stefan-Boltzmann constant 
t:         Transmitivity 
ρ :       reflectance 
ρ f :     fluid density (kg/m3) 
p  :     pressure drop (N/m2) 
pm  :    pump-motor efficiency 
s  :     Exergy efficiency of radiation 
 
Subscript: 
a:         ambient 
b:         bottom plate 
c:        convection, cover 
f:         fluid (air) 
fi :        inlet 
fo:        outlet 
p:        absorber plate 
r:         radiation 
s:         selective 
t:          top 
by providing artificial roughness on underside of the absorber plate (Karwa 
et al. 2001, Layek et al. 2007, Saini et al. 2008). Finally, investigations also 
showed that heat transfer can be improved by using the selective coatings on 
the absorber of conventional solar air heater (El-Sebai et al. 2010) or simply 
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an unglazed selective absorber (USA) (Njomo et al. 2006). Tchinda (2009) 
published recently a review on the mathematical models performed for 
predicting thermal performance of solar air systems. He noticed that the 
major governing equation in the models were investigated using the first law 
of thermodynamic. 
In that way, Njomo et al. (2006)  made the theoretical study of an 
USA and the solar air heater with Plexiglas as cover considering operating 
conditions of the Garoua town.  
An unglazed selective absorber is a renewable energy technology 
with a considerable potential for commercial and industrial applications. 
Some applications such as sun drying in agricultural sector and paring 
photovoltaic and thermal systems with USA are regularly considered (Chow 
et al. 2010). Researches also showed that the cost of solar air heaters is 
significantly reduced when using bare collectors with selective porous or 
non-porous absorbers (Verma et al. 1991, Kutscher et al. 1994). On the other 
hand, with the purpose to collect maximum energy at the minimum cost, the 
glass usually used in solar air heater as cover can be replaced by the plastic 
like the polymethyl methacrylate (plexiglas)(Njomo, 1995) . Due to the 
importance and the applications of these collectors in thermal process as 
mentioned above, it becomes important to pay more attention on them. 
Previous work (Njomo et al. 2006) did not take into account the pressure 
drop in the duct of collectors and the energy analysis alone can not be a 
criterion for the optimization of the systems. Therefore, in order to take into 
consideration those insufficiencies, the theory of exergy is used for 
evaluating performance and optimizing the designed heater.  
The first law of thermodynamics deals with the quantity of energy 
and insists on the fact that energy can not be created or destroyed while the 
second law deals with the quality of energy. To balance the quantity and the 
quality of heat transfer during thermal process, exergy analysis is suitable. It 
is important to use the concept of exergy balance in the analysis of thermal 
systems. That exergy balance is a statement of the law of degradation of 
energy due to the irreversibilities of all real processes. The exergy of a 
system can be defined as the maximum useful work possible during a 
process that brings the system into equilibrium with the environment. An 
exergy analysis is a powerful mathematical tool in the design, assessment, 
optimization and improvement of complex thermodynamic systems. Many 
authors (Bejan et al. 1981, Bejan 1986, Gupta et al. 2008) published papers 
in connexion with the governing equations of exergy balance to be applied to 
solar collectors. From those works, the popularity of exergy analysis method 
has considerably grown.   
The main purpose of this paper is to go beyond the above restrictive 
assumption concerning the pressure drop and energy analysis. In this study, 
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the energy and exergy analyses is done to investigate the performance of an 
unglazed selective absorber (collector C1) and the collector with Plexiglas as 
cover (collector C2) when functioning in the same operating conditions and 
with the same dimensions. The influence of daily means hourly values of 
solar irradiation in May at Garoua (9
o
20
‘
 N; 13
o
23
‘
 E), the solar air heater 
duct depth and the Number of transfer units on the exergy output is discussed 
among others.  
 
Thermodynamic modelling: 
An USA collector is a bare collector with the selective absorber and 
made of an absorber plate whose irradiated surface is covered with a 
selective coating that has the radiation properties 0.92s   and 0.13s   
(Njomo et al. 2006). The shaded surface of this plate ( 0.83p p   ) and 
the back metallic plate are painted with black colour.  
After neglecting the time rates of change of the enthalpies of the 
different components of the collectors and under steady state, one can write 
the following energy balance equations based on the first law of 
thermodynamic as 
For the collector C1 (Fig. 1) 
    S 
                                                                                         Selective absorber 
  Tfi                                                                                                                  
Tfo 
 
 
 
 
 
 Back plate 
 
Fig.1. Unglazed selective absorber (USA) 
 
 
 For selective absorber 
      , , , ,s T r ps s p c sf s f c sa r sa s aI h T T h T T h h T T                                                     
(1)                             
 For back plate 
      , ,r ps s p c pf p f b p ah T T h T T U T T                                                                         
(2) 
Energy balance equations for collector C2 (Fig.2) 
,c pfh  ,r psh  
,r sph  
,c sfh  
Wh
 
bU  
Insulation I s lati  
,r psh ,r sp
h
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 S 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Single cover solar air heater with the Plexiglas as the cover 
 
 
 For the transparent cover 
      , , , ,c T r pc p c c cf f c c ca r ca c aI h T T h T T h h T T                                                     
(3) 
 For the absorbing  plate 
      , , ,(1.01 )c p T b r pa p a c pf p f r pc p cI U h T T h T T h T T                                          
(4) 
       
For the air flowing through the channel of collectors, one can write 
     , , ,  ,
f p f
pf c jf j f c pf p f
T mc T
Hc h T T h T T j c s
t x

 
     
 


                                            
(5) 
 
Solving Eqs.(1), (2), (3) and (4) for pT  and  jT  considering the following 
boundary condition  
0f x finT T                                                                                                                
(6)  
The outlet temperature for collector C1 can be written from Eq.(5) as: 
 
1 1 3 3 1 1 3 3
2 2 2 2
( ) ( )
exp
2 2
s p s p a s p s p a
fo fin
s p s p p
c c c c T c c c c T b
T T
c c c c c G
        
                                      
(7) 
where 
bU  wh  
,r pch  
,r cph  ,c cfh  
pfch ,  
carh ,  ,c cah  
Tfi 
Absorber plate 
Insulation 
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, , , ,= + + +Ts r ps c sf c sa r sah h h h h                                                                                              
(8)                                                                           
           
,
, ,1
r ps
Tp r ps c pf b
Ts
h
h h h U
h
 
    
 
                                                                                   
(9) 
           , ,Ta c sa r sah h h                                                                                                            
(10) 
           
, ,
,
c sf r ps
Tf c pf
Ts
h h
h h
h
                                                                                                      
(11) 
            1 , TaTa r ps b
Ts
h
h h U
h
                                                                                                    
(12) 
          
  ,
1
s T r ps
p
Tp Ts
I h
c
h h

                                                                                                           
(13) 
           
2
Tf
p
Tp
h
c
h
                                                                                                                      
(14) 
            13
Ta
p
Tp
h
c
h
                                                                                                                    
(15) 
            
2
,
1 1
r pss
s
Ts Tp Ts
hI
c
h h h
  
   
 
                                                                                                 
(16) 
            
, ,
2
c sf Tf r ps
s
Ts Tp Ts
h h h
c
h h h
                                                                                                      
(17) 
            
1 ,
3
Ta r psTa
s
Ts Tp Ts
h hh
c
h h h
                                                                                                      
(18) 
, ,
, 2
c sf Tf Tf r ps
c pf
Ts Tp Tp Ts
h h h h
b h
h h h h
 
      
 
                                                                                       
(19) 
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and for the second collector 
 
       4 12 2 14 4 12 2 14
0
1 13 1 13
exp
2 2
a a o
f fin
p
c ac c ac T c ac c ac T b
T T
c ac c ac Gc
                              
  (20) 
where  
, , , ,Tc r pc c cf c ca r cah h h h h                                                                                                
(21) 
, ,Ta c ca r cah h h                                                                                                                 
(22) 
, , ,aTp b r p c pf r pc
h U h h h                                                                                                
(23) 
,Ua b r pah U h                                                                                                                   
(24) 
, ,
1 2
,
c pf r pc
r pc
Tp
Tc
h h
c
h
h
h



                                                                                                                
(25) 
,
,
2 2
r pc
Ua Tc r pc Ta
Tp Tc
h h h h
c
h h h



                                                                                                         
(26) 
  ,4 2
,
r pcTc
T c T
Tp Tc r pc Tc
hh
c I I
h h h h
 
  
   
   
                                                                       
(27) 
 , ,12 2
,
r pc r pcc T
T c T
Tc Tp Tc r pc Tc
h hI
ac I I
h h h h h

 
  
    
   
                                                         
(28) 
 , , , ,
13 2
,
r pc c pf r pc c pf
Tp Tc r pc Tc
h h h h
ac
h h h h

 

                                                                                        
(29) 
 , ,,
14 2
,
r pc Ta Tc b r par pcTa
Tc Tc Tp Tc r pc
h h h U hhh
ac
h h h h h
  
  
 
 
                                                                   
(30) 
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   , , , , , ,
, 2 2
, ,
2
Tc c pf r pc r pc c pf r pc c pf
o c pf
Tp Tc r pc Tp Tc r pc Tc
h h h h h h h
b h
h h h h h h h
  
     
   
                                           
(31) 
Hydraulic performance: 
Hydraulic performance of a solar air heater concerns pressure drop 
( p ) in the duct. Pressure drop accounts for energy consumption by fan to 
propel air through the duct. It can be presented in non-dimensional form by 
using the following relationship of friction factor ( f ) reported by Franck et 
al. (2001). 
2
12
hpdf
LV

                                                                                                                            
(32)                                                                                                                                  
Where the characteristic dimension or equivalent diameter of SAH duct is 
given by: 
 
2
h
lH
d
l H


                                                                                                                          
(33)                                                                                                                              
The Reynolds Number Re is calculated by : 
Re h
Vd

                                                                                                                              
(34) 
For the laminar flow, Re 2300 , and the coefficient of friction f  is 
calculated by : 
16 Ref                                                                                                                                
(35) 
Otherwise the coefficient of friction for the turbulent flow in SAH is 
calculated from Blasius  equation which is : 
1
40.0791(Re)f

                                                                                                                    
(36) 
The pump work pw  is defined as follow : 
( )p pm
mp
w 


                                                                                                            
(37)    
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Energy and exergy analysis: 
The following assumption have been made in this study 
(i) Steady state, steady flow operation 
(ii) Negligible potential and kinetic energy effects and no chemical 
and nuclear reaction 
(iii) Air is and ideal gas with a constant specific heat and its humidity 
content is ignored. 
Exergy is defined as the maximum amount of work which can be 
produced by a system. For real processes, there are still a difference between 
the exergy input and the exergy output due to irreversibilities. 
The exergy flows in the collectors are illustrated in the following Figure 
3. 
 
 
 
 Co
ntrol volume 
 
 
 
 
 
Fig .3. Exergy flow in the collectors 
 
An exergy balance for collectors C1 and C2 can be writing as: 
 
XdestXoutXlossXinXwXsolar EEEEEE
                                                                            
(38) 
The exergy destruction or the irreversibility may be expressed as follow 
(Ucar et al. 2006) 
genaXdest STEI
                                                                                                                   
(39) 
Due to the fact that the process is irreversible, the exergy destruction is I is 
greater than zero. 
    ainaainXin ssThhmE                                                                                            
(40) 
    aoutaaoutXout ssThhmE                                                                                         
(41) 
 
I
XinE

XwE

XlossE
 XsolarE
XoutE

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The Petela (2008) expression for the available energy flux is used to 
calculate the exergy of solar radiation. 















4
3
1
3
4
1
S
a
S
a
CTXsolar
T
T
T
T
AIE                                                                                         
(42) 
 
For other components, the following relationships are available 

pm
EXw


                                                                                                                            
(43) 
 








 
j
aj
lossr
j
lossc
j
Xloss
T
T
qqE 1        csj ,                                                                         
(44) 
Where 
 ajcaj lossc TT
H
ANuk
q                                                                                                       
(45) 
 44 skyjCjj lossr TTAq                                                                                                         
(46) 
The useful exergy or exergy output rate ― xuE ‖ can be expressed as 
   xu out in eout inEmhhTss                                                                                            
(47) 
The actual exergy rate xu,pE delivered considering pressure drop of collector 
fluid is (Gupta et al. 2009) 
xu,p xu xd,pE E E                                                                                                                     
(48) 
where 
e
xd,p p
iT
T
E w                                                                                                                            
(49) 
and Eq.(48) becomes 
  exu,p out in eout in p
iT
T
EmhhTss w                                                                              
(50)                                                                        
 According to Kurbas et al. (2004) , the dimensionless exergy loss by 
the system can be defined as 
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xdest
p , Q=mc( )
Q
fo fi
E
E TT 

                                                                                                
(51) 
 
        Based on the first law of thermodynamics, the thermal efficiency of 
solar air heater is defined as: 
I
c T
Qu
A I
                                                                                                                                
(52) 
The daily thermal energy efficiency is defined by the following expression 
 
0
6
6
6
6
daily
pm
p f fin
am
I pm
c T
am
mc T T dt
A I dt






                                                                                                  
(52) 
    The exergy collection efficiency ( II ) based on the second 
law of thermodynamics is defined as the ratio of useful exergy Exu,p to the 
exergy of incident solar radiation.  
,xu p
II
c T s
E
A I


                                                                                                                           
(53) 
 
Exergy output rate and number of transfer units: 
Taking into account the fact that , , ,c cf c sf c pfh h h h    (Njomo et al. 
2006) for the two collectors, the energy balance of the air flow of the two 
collectors can be rewritten as: 
( 2)
p f
i j f
mcdT
hTTT
l dx
 

                                                                                                   
(54) 
Where iT  and jT  are the temperature of the matter which is above 
and below the fluid flowing through the duct respectively.  
The number of transfer units of the fluid is given by (Kurbas et al. 
2007): 
 
heat capacity of heat exchanger
heat capacity of flow
NTU                                                                                
(55) 
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 Setting 
x
X
L
                                                                                                                                    
(56) 
Eq. (54) becomes 
 
 2f i j f
dT
NTUTTT
dX
                                                                                                      
(57) 
Solving Eq.(57) with the following boundary conditions:     
 
At f f0,T   and  at X=1 , T  , one getsfin foX T T   ,                                                              
(58) 
                                                                      
 
1
( 2)exp(2)
2
fo i j i j fiTTTTTT NTU                                                                     
(59) 
  Take 
i j
fi
T T
T


                                                                                                                   
(60) 
 
Eq .(50) becomes 
 ,
1
21exp(2)2ln1exp(2)
2 22
a
xuppin a p
fi
T
mcT NTUT NTUw
    
  

 (61)    
The daily exergy output rate for some value of Number of transfer 
units is obtained by integrating the expression (61) from 6 a.m to 6 p.m.  
 
Evaluation of the heat transfer coefficients: 
For the collectors C1-C2, the wind transfer coefficient ,c jah  over the 
selective absorber and the transparent cover is calculated using the 
relationship 
'
,
u a
c ja
s
N k
h
L
                                                                                                                            
(62) 
In the above equation, the Nusselt number 
'
uN is given for rectangular 
plates as Sparrow et al. [26]  
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11'' 320.86Re PruN                                                                                                          
(63) 
Where 
   'Re a s
a
V L

                                                                                                                     
(64)                                                                                                           
The Reynolds number cover the range   
      4 ' 42 10 Re 9 10                                                                                                    
(65) 
The following equation gives the convective heat transfer coefficient 
,c sfh  and ,c pfh  between the hot fluid and the walls of the air channel: 
, ,
a
c pf c sf
h
Nuk
h h
d
                                                                                                                 
(66) 
To evaluate the Nusselt number, the following correlations for air, for 
fully developed turbulent flow (if length to equivalent diameter ratio exceeds 
30) with one side heated and the other side insulated is appropriate: 
 
 
0.8,
0.0158 Re
c pf h
a
h d
Nu
k
                                                                                                
(67) 
 If the flow is laminar then following correlation by Mercer from 
Duffie et al. (1980) for the case of parallel smooth plates with constant 
temperature on one plate and other plate insulated is appropriate: 
 
 
0.5
, 1
0.7
0.17
1
0.0606 Re
4.9
1 0.0909 Re
h
c pf h
a
h
d
pr
h d L
Nu
k d
pr pr
L
 
 
   
 
  
 
                                                
(68)  
The Reynolds number here is given by  
Re h
f
md
H



                                                                                                                    
(69) 
The radiative heat transfer coefficient ,r sah and ,r cah between the 
selective absorber and the transparent cover and the sky are given by (Duffie 
et al. 1980, Njomo 2000): 
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 4 4
,  
j j sky
r ja
j a
T T
h
T T
  


  
                                                                                                                                        
(70) 
 
The sky temperature used in this work is: 
 6sky aT T                                                                                                                            
(71) 
The radiative heat transfer coefficient ,r psh  between the selective 
absorber and the back plate both consider as parallel plates is calculated as 
follow (Njomo 2000): 
  2 2,r ps pp s p s ph T T T T                                                                                                   
(72) 
where  
2
1pp
p


                                                                                                                              
The radiation heat transfer coefficients, ,r pch  between absorber plate 
and plastic cover, and ,r pah  between absorber and sky, are evaluated by 
taking into account that the cover is partially transparent to IR radiation; 
therefore one can write (Njomo et al. 2006): 
 
  
4 4
,
1
1
p p c c c
r pc
p c p c
T T
h
T T
   
 
   
 
                                                                                      
(73) 
and 
  
 4 4
,
ir p p sky
r pa
p a
T T
h
T T
   


                                                                                              
(74) 
The effective product transmittance-absorptance      of collector 
C2 can be evaluated by using the following equation:                         
     
1.01
11
cp
cp
p c
 

 
                                                                                 
(75)    
    
Numerical simulations:      
In order to evaluate the daily exergy efficiency for some values of 
mass flow rate per unit area of the collector (G), the daily energy output rate 
and the daily exergy output rate for some value of Number of transfer units 
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(NTU), numerical calculations have been carried out for a collector 
configuration, system properties and operating conditions. The means hourly 
values of global solar radiation and ambient air temperature in May at 
Garoua (9
°
20
‘
 N; 13
°
23
‘
 E) in Cameroon are used.   
  Since radiation heat coefficients and convective heat transfer 
coefficients between the flowing hot fluid and channel walls are non-linear 
functions of the temperatures of the collector and the mass flow rate 
respectively, to overcome this issue, first initial values of   ,  ,  c p sT T T  are 
assumed according to inlet temperature of air and various heat transfer 
coefficients are calculated; and new values of those temperatures are 
calculated. If the calculated new values temperatures are different than the 
previously assumed values then the iteration is repeated with these new 
values till the absolute differences of new value and previous value of 
temperatures are less than or equal to 0.001. The temperature difference is 
calculated using Eqs.(17)-(19). The daily exergy output rate for some values 
of Number of transfer units (NTU) is performed using Eq.(61) and the 
exergy output is obtained from Eq.(50). In order to obtain the results 
numerically, codes are developed in Matlab-7.0 . 
 
Results and discussion: 
The Fig.4 presents the variations of temperature difference with 
incident radiation for collector C1 and C2. This plot of temperature versus 
insulation gives us an opportunity to estimate the fluid temperature for any 
time of the day with the help of available meteorological data of the Garoua 
region. The highest difference temperature (33.06
o
K) occurs in the first 
collector at 12:30 for G=0.02kg/m
2
.s, H=2cm and Tfi=Ta. At the same time, 
we found a difference temperature of 21.36
o
K in the second collector 
considering the same operating conditions.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Variation of instantaneous solar                        Fig. 5: Variation of the daily energy  
 radiation and temperature difference                                    output rate with time 
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The Fig.5 presents the variations of the energy output rate with time 
along the whole day. The maximum energy output rate for collector C1 and 
collector C2 are determined as 1086.10 w and 480.17 w respectively. The 
Fig. 6 presents the effect of the mass flow rate on the energy efficiency for 
the two collectors. We observe that the energy efficiency of the collectors 
increases with increasing mass flow rate G. This can be explained by the 
rapid enhancement of the internal thermal convective exchanges in the 
collectors added to the slight variation of the overall thermal losses. In 
general the collector C1 (USA) presents the best heat performance on the 
collector C2. The influence of the mass flow per unit area G on the exergy 
collection efficiency based on the second law of thermodynamics is 
presented in Fig .7.  
This figure shows that the exergy efficiency doesn‘t increases 
monotonically with G. In fact, for low inlet temperature the exergy 
efficiency first increases and reaches its maximum value and then after that it 
decreases with mass flow rate in the laminar flow regime (Re<2300); the 
exergy collection efficiency also decreases in the turbulent flow regime 
(Re>2300).  
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 6: Variation of the thermal energy                                           Fig.7: Variation of the exergy 
efficiency with mass flow rate (kg/m2.h).                               efficiency versus mass flow rate (kg/m2.h) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Variation of exergy efficiency                                                     Fig.9: Variation of the daily  
             versus  ( )out iT T It                                                         exergy output rate  for collector C1   
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Based on the meteorological conditions and the configuration system 
of the collectors, we drew in Fig.8 the variation of the exergy efficiency 
( II ) versus ( )out iT T It  for G=0.01kg/m
2
.s and we observe that the II  
increases with ( )out iT T It .  The Figs. (9-10) shows the variations of the 
exergy output rate with time for three values of solar air heater duct depth 
(H=2cm; H=3cm and H=5cm). The exergy output rate of collectors C1 and 
C2 increases with the solar air heater duct depth. At the noon, the exergy 
output rate of the first collector is 45.12 w while the second presents the 
value 9.01w for H=2cm. One can notice once more that the highest Exu 
value is obtained by SAH with selective absorber. Figs.(11-12) presents the 
variations of the exergy output with the time for four values of number of  
 
 
 
 
 
 
 
 
 
 
 
       Fig.10: Variation of the daily exergy                             Fig.11: Variation of the daily exergy output  
               output rate for collector C2                                      rate for some values of NTU: Collector C1 
 
 
 
 
 
 
 
 
 
 
 
Fig12: Variation of the daily exergy output rate           Fig.13: Variation of the dimensionless  
       For some values of NTU: Collector C2                                 exergy loss versus time 
  
transfer units (NTU=0.5; NTU=1; NTU=1.8; NTU=2.5). It is clear from 
these figures that the exergy output rate increases with the NTU for 
collectors C1 and C2. This situation can be explained by the fact that by 
maintaining the mass flow rate per unit area G, the collector area Ac and the 
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specific heat constant, when the NTU increases, the convective heat transfer 
coefficient also increases and the consequence is the improvement of the 
exergy output rate. Finally, we have observed that for NTU higher than 1.8, 
the Exu increases weakly and becomes constant for NTU greater than 2.5. 
The last figure gives the representation of the dimensionless exergy loss with 
time between 10:30 to 15:30. It is clear from that figure the lowest exergy 
loss occurs in the unglazed selective absorber. At noon for example, the 
exergy loss through collector C1 and C2 is 1.48% and 3.02 % respectively for 
H=2cm and G=0.02kg/m
2
.s.  
  
Conclusion 
Theoretical investigations of the thermal performance of the unglazed 
collector and the collector with Plexiglas as cover have been carried out. 
From the analysis, it mainly comes out that the collector C1 presents the 
highest exergetic heat performance and for NTU higher than 1.8, the exergy 
output rate increases weakly and becomes constant for NTU greater than 2.5. 
In the turbulent flow regime the exergy output rate decreases when the mass 
flow rate per unit area increases and the highest exergy loss occurred in the 
collector C2 (3.02%). A high exergy ratio between the two collectors has also 
been observed. 
This study is important for the designed and the implementation of 
these systems for some heating and drying applications. 
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